Nanoparticles (NPs) are increasingly present in industrial and consumer products such as food packaging, cosmetics, pharmaceuticals, medical devices, odor-resistant textiles, and household appliances. Given their ubiquity, they could constitute a potential source of toxicity for human health and the environment. In particular, occupational health professionals have raised concerns that repeated exposure to these particles could lead to adverse health effects such as respiratory disorders. 1 Thus, there is now a demand for sensors to detect airbone NPs, particularly for air-quality monitoring in the workplace.
Figure 1. (a) View of the cantilever sensor and (b) of its integrated full Wheatstone bridge, consisting of p-type resistors on a 200 m-wide suspension, designed to measure a change in resistance.
to the high production costs of SOI wafers and the inability to change their thickness to modulate the sensor's performance.
To overcome these issues, we have developed a novel silicon cantilever sensor. Low-cost silicon was favored over SOI because of its high mechanical-quality factor, stability, and the degree of freedom it brings for cantilever design. This type of sensor reaches its standard resonance mode by means of a piezoactuator located at the base of the beam on a supporting frame, which works by expanding and bending the cantilever following application of a low voltage. The sensor detects NPs by determining changes in its resonance frequency that can be deduced from a change in resistance. To do so, it relies on a device known as a full Wheatstone bridge, used as a piezoresistive strain gauge. This helps measure changes in electrical resistance following the application of mechanical stress induced by the deposition of NPs. Our method offers several advantages, including simplicity, large output signal of the order of the millivolts (obviating the need for a low-noise amplifier), low-power consumption, and high sensitivity. As a result, it can be used in applications requiring a high mass-sensitivity and high quality factor to probe microstructures such as the deep and narrow spray holes of direct-injection fuel nozzles in cars (see Figure 1 ). 7 We tested our sensor using a process that releases standardized NPs under controlled conditions, known as airborne NP sampling. This was performed under normal workplace conditions in a sealed glass chamber containing a stable carbon aerosol, with particles of 20nm in diameter, monitored by a fast mobility particle sizer (FMPS). A nanometer aerosol sampler, consisting of a grounded cylindrical sampling case with an electrode at the bottom, was used to enhance the sampling efficiency of the cantilevers. Finally, we relied on dielectrophoresis (DEP) 8 to detect NPs (see Figure 2 ). There, carbon NPs were subject to an electric force in a nonuniform electric field. A number of carbon NPs were thus trapped on the cantilever surface in a nonhomogeneous manner (see Figure 3) . Most of them were deposited on the edges of the free end of the cantilever and agglomerated where the highest electrical field strengths and gradients occurred. Evaluation of sensor performance showed a mass sensitivity of 8.33Hz/nanogram with a frequency resolution of 0.04Hz, a mass resolution of 4.8pg, and a quality factor of 1230 in air. The mass sensitivity of these sensors can be improved by miniaturizing their geometry, i.e., by decreasing the effective mass-that of the cantilever without its supporting frame-and by increasing the frequency of the mechanical resonator. Further improvement of mass-sensing resolution will require increasing the quality factor of the sensor, expected for higher resonant modes. This can be done by vibrating the cantilever in in-plane-as opposed to out-of-plane-bending modes and by integrating a closed-loop feedback electronic circuit.
In summary, our work has shown the principle of a novel micromachined silicon cantilever beam operating as a resonant sensor to detect airborne NPs based on the measurement of their
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mass. In future work, we intend to develop mobile sensors by optimizing their geometry, detection method, and the NP collection system to yield a higher quality factor, mass sensitivity, sensing resolution, and sampling efficiency. 
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